I. INTRODUCTION
The discipline of physics is built on the interplay of theory and experiment. Theory helps to give meaning to the results of experiments and guides new experimental directions. In turn, experimental measurements test predictions of theoretical models and help to refine these models to push the frontiers of physics knowledge. It is impossible to truly understand physics without understanding the role of experimentation in building and supporting the body of physics knowledge. Undergraduate physics education programs acknowledge the importance of experimentation and require students to engage in the activity through instructional lab courses and undergraduate research. However, unlike lecture courses on physics theory, student outcomes from lab courses remain largely unexplored by education researchers. As we work to better prepare our students for graduate school or future careers in our increasingly science-and technologybased world, we must better understand student learning within these experimental learning environments.
The physics education research (PER) community has, until recently, concentrated its efforts on understanding and improving undergraduate education primarily in introductory lecture courses (see Refs. [1, 2] for reviews). However, over the last decade, PER researchers have expanded their studies into upper-division courses (e.g., [3] [4] [5] [6] ), and, most importantly for the current work, into the laboratory domain [7] [8] [9] . Thus, investigations of student learning in lab courses represent a frontier subfield of PER. In the work described herein, we contribute to the fundamental knowledge in this field using a national-scale study to evaluate particular dimensions of student success in laboratory physics courses.
With respect to students' success in lab courses, physics faculty members often identify a large number of possible goals for these courses including development of lab skills (e.g., experimental design, data analysis, scientific communication, and modeling of experiments) and understanding the nature and process of experimental physics [10] . These goals are echoed by guidelines from professional physics societies and other national calls [11] [12] [13] [14] [15] . Here, we concentrate on the goal of having students develop expert-like views and beliefs about the nature and process of experimental physics.
Previous work in lecture-based physics courses suggests that typical courses are not accomplishing the goal of improving students' ideas about the nature and importance of physics more generally [16] . For example, surveys of students' attitudes and beliefs about physics typically show a shift to more novice views after instruction [17, 18] . Prior work has also demonstrated that students beliefs about the nature of physics, and science generally, are correlated with both their self-reported interest in physics [19, 20] and their performance on assessments of their conceptual understanding [21] . As both interest and performance are important aspects of a students' persistence in a given major, these findings have implications for the recruitment and retention of students in the physics major.
Extensions of this type of work to students' ideas about experimental physics, however, are less common. Beyond the work described here, there have been no large-scale investigations that characterize students' views about the nature and importance of experimental physics as practiced in their lab courses or how these views compare to those of practicing physicists. This paper addresses this gap using a large data set of student responses to the research-based, laboratory assessment known as E-CLASS (Colorado Learning Attitudes about Science Survey for Experimental Physics) [22, 23] . The E-CLASS is a research-based and validated survey that probes students' views about the nature and importance of experimental physics. In the E-CLASS, students are asked to rate their level of agreement to 30 statements, such as, "I am usually able to complete an experiment without understanding the equations and physics ideas that describe the system I am investigating." Students rate their level of agreement -from strongly agree to strongly disagreeto each statement both from their own perspective when doing experiments in their laboratory course, and from the perspective of a hypothetical experimental physicist (Fig. 1) .
Over the past seven semesters, we have collected preand postinstruction responses to the E-CLASS from more than 7000 students from 130 distinct physics lab courses spanning 75 different institutions. Several of these institutions administered E-CLASS in multiple semesters of the same course during data collection. Thus, the full data set includes matched responses from 206 separate instances of the E-CLASS. This national data set includes both introductory and upper-division courses, and a variety of different institution types. We have previously presented the details of how the E-CLASS was developed, validated, and administered online in order to aggregate such a large database of students' responses [22, 23, 25] . In addition, responses to the survey have allowed us to explore the role gender plays in performance on E-CLASS [26] . We have also measured the impact of different types of lab activities on E-CLASS scores, where we found students in courses that included at least some open-ended activities outperformed students in courses with only guided labs [27] . Similarly, we have measured a significant improvement in E-CLASS scores in courses that use well-established transformed curricula compared to traditional labs at the introductory level, and the increase is significantly larger for women [28] . Finally, we have shown that courses that focus more on developing lab skills outperform courses that focus more on rein- forcing physics concepts, and again, the increase is significantly larger for women [29] .
Our previous work has focused almost exclusively on what factors (e.g., student gender, instructional approach, etc.) impact students' performance on the E-CLASS. In the present work, we take a broader view of what we can learn about students' ideas and views about experimental physics from this extensive data set of students' responses to this assessment tool. In doing so, we address the following research questions.
What are students' views on the nature of experimental physics as practiced in their lab courses, and how do these views shift after laboratory instruction? Do students' views on the nature of experimental physics as practiced in their lab courses vary based on the level of the course?
What do students think that expert physicists believe about the nature of experimental physics as practiced by experimental physicists?
How do students' views of experimental physics in their courses differ from their predictions of experts' views?
The answers to these questions provide a snapshot of the status of students' ideas and the effectiveness of undergraduate physics curricula at aligning these ideas with those of practicing physicists. Moreover, in answering these questions, a major goal of this paper is to provide a comprehensive summary of the national data set that lab instructors can use as a reference when examining their own students' performance on the E-CLASS. Overall, we find that students both enter and leave undergraduate courses with a variety of ideas about the nature and importance of experimental physics as practiced in their courses, and that some of these views are inconsistent with the views of experts. We also find that these views tend not to shift significantly over the course of one semester of laboratory instruction. Our findings provide a valuable resource for instructors and curriculum developers interested in helping students to understand and appreciate the experimental nature of physics as a discipline. These results also have implications for instructors and researchers interested in the recruitment and retention of students into the physics major, as well as the development of a scientifically-literate citizenry who are capable of taking an informed stance on the importance of science and technology within our society.
II. METHODS
In this section, we discuss the assessment instrument, data sources, student and institution demographics, and analysis methods used for this study.
A. Instrument validation
The E-CLASS is a research-based and validated assessment instrument [23] . After its initial development, the E-CLASS was reviewed by 23 practicing experimental physicists [22] . These expert responses both ensured that the E-CLASS prompts were clear and valuable, and established the consensus expert-like responses to each item. Twenty-four of the E-CLASS items had greater than 90% agreement from our pool of experts. The remaining six questions all had greater than 70% agreement; additional discussion of these six questions and motivation for retaining them is presented in Ref. [22] . The E-CLASS was also given to 42 students in an interview setting, in which students responded to each prompt while talking through the reasoning behind their selection [22] . These student interviews ensured that students were consistently interpreting the prompts and responding in ways that were consistent with their articulated reasoning.
The E-CLASS was also extensively tested for statistical validity and reliability using a subset of the current data set (see Sec. II B), which included N = 3591 student responses from 71 distinct courses at 44 institutions [23] . These data were used to demonstrate that, in addition to having test and item scores within acceptable ranges [30] , E-CLASS scores were stable against retesting effects (i.e., test-retest reliability); independent of how long students took to complete the assessment (i.e., time-to-completion reliability); and independent of whether students completed the assessment in-class or out-of-class (i.e., testing environment reliability). E-CLASS scores also adequately distinguished between high and low performing students (i.e., whole-test and item discrimination [30] ), and provided consistent scores on subsets of items (i.e., internal consistency [31] ). An exploratory factor analysis [32] on these data also showed that, in accordance with its initial design, the E-CLASS items did not factor into coherent subgroups of related questions whose scores could be reported in aggregate, rather than as individual items [23] .
B. Data sources
Data presented here are composed of students' responses to the E-CLASS, which includes items designed to measure students' beliefs about the nature and importance of experimental physics, as well as their confidence when performing physics experiments. The full list of E-CLASS prompts is given in Fig. 2 and is also available from Ref. [24] . The E-CLASS items were developed to target a wide range of learning goals in order to make the assessment relevant for both introductory and advanced laboratory courses.
Data for this study were collected over the course of seven semesters using a centralized, online system [25] . The data set includes student responses from 130 distinct courses from 75 different institutions. Institutions in the data set span a range of institution types including 2-year (N = 3) and 4-year colleges (N = 36), as well as masters (N = 8) and Ph.D. granting universities (N = 28).
Additionally, in some courses, the E-CLASS was administered during multiple semesters of the same course, thus, the full data set includes matched responses from 206 separate instances of E-CLASS. These courses include both first-year (FY), introductory courses as well as more advanced, beyond-first-year (BFY) courses. Only students who completed both the pre-and postinstruction E-CLASS were included in the final data set (N = 7167). Table I reports the demographic breakdown of these students with respect to course level, gender, and major.
C. Scoring and analysis
For each of the questions on the E-CLASS, students were presented with five possible response options, from "Strongly disagree" to "Strongly agree" (see Fig. 1 ). For the purposes of scoring, students' responses were classified simply as agree, disagree, or neutral by collapsing "Strongly (dis)agree" and "(dis)agree" into a single category. Students were then awarded 1 point if their response was consistent with the established, expert-like response, and 0 points otherwise. The accepted expert-like response was established during the development of the E-CLASS based on responses from physics laboratory instructors and practicing experimental physicists [22] . Using this scoring scheme, the average of all students scores on a particular item represents the fraction of students who responded favorably (i.e., consistent with experts) to that item. We also calculate an overall E-CLASS score for each student, which is given by the average of that student's individual item scores. Thus, a student's overall score represents the fraction of the 30 E-CLASS items for which that student gave a favorable response. Recall that students provide two responses for each of the 30 E-CLASS prompts -one representing their perspective regarding experimentation in their lab courses and one representing their prediction of what an experimental physicist might say about their research (Fig. 1) . Individual item and overall scores are calculated separately for these two sets of responses.
Note, the 2-point scoring scheme described above is different than the 3-point scoring scheme that has been used in the majority of the prior E-CLASS publications [23, 26, 29] . However, the 2-point scheme is consistent with the representations used in the reports received by instructors using E-CLASS through our centralized system [25] . Thus, in order that the data and analysis reported here can provide a comprehensive reference for these instructors, we have opted to use the 2-point scoring scheme here.
Section III reports means of students' overall and byitem scores for students in FY and BFY courses. To determine the statistical significance of differences between various score distributions, we use the non-parametric Mann-Whitney U test [33] . In cases where we calculate multiple comparisons, we utilize Holm-Bonferroni corrected p-values to account for multiple-testing effects TABLE I. Demographic breakdown of the full data set for both FY (first-year) and BFY (beyond-first-year) courses. Number (N) of courses refers to the number of distinct courses, and percentages represent the percentage of students rather than the percentage of courses. For Major and Gender demographics, the totals may not sum to 100% as some students did not complete these questions or selected 'Other' as their gender. [35] . Additionally, we characterize the size of the statistically significant differences in scores using Cohen's d [36] . Due to the large size of the matched data set, some of the statistically significant differences we observed fell well below the threshold of what is generally considered a small effect (d = 0.2 [36] ). However, small effects can be practically significant, particularly when many small effects in the same direction combine to form a larger overall effect. For the current analysis, we are interested in identifying the more dominant trends in students' responses, including looking at small effects on individual items. To balance this with the large statistical power of our data set, we set a threshold for practical significance of d > 0.1 that preserves some of the small effects while eliminating effects that are simply too small to warrant specific attention. Thus, when comparing means in the following sections, we will distinguish between results that were only statistically significant and those that were both statistically and practically significant (p < 0.05 and d > 0.1).
III. RESULTS
This section presents findings with respect to students' responses to the E-CLASS from their perspective and from the perspective of a hypothetical experimental physicist, as well as how the two compare.
A. What do students believe?
Here, we examine students' responses to each of the E-CLASS prompts with respect to their views about experimentation in their lab courses (see Fig. 1 ). To explore general trends in students' responses to the E-CLASS prompt targeting what they think, we first examine the average overall score (i.e., fraction of items with favorable responses) both before and after instruction. Table II reports pre-and postinstruction overall E-CLASS scores for both FY and BFY courses. The motivation for separating the data by course level rather than reporting the aggregate statistics is twofold. First, prior analysis of E-CLASS data shows that trends in the responses from students in FY and BFY courses are meaningfully different [23, 26, 27] . Second, due to the large number of students in the FY courses (see Table II ), the aggregate statistics are strongly driven by the FY population. In addition to examining students' overall scores, we also look at students' responses to the E-CLASS items individually. Fig. 2 presents the pre-and postinstruction fraction of students who responded favorably to each of the 30 E-CLASS items. Table II shows that in the FY courses, students, on average, responded consistently with experts on roughly two-thirds of the E-CLASS items when asked about their views on experimental physics as practiced in their lab courses. This fraction favorable decreased significantly over the course of one semester (or quarter) of instruction (p ≪ 0.01, d = −0.15). Rather than being driven by particularly large shifts on a few items, this overall negative shift in the FY was driven by small, but statistically significant, negative shifts across 17 of the E-CLASS items. Alternatively, Table II shows that students in the BFY courses responded favorably to on average just under three-quarters of the E-CLASS items, and this fraction did not shift significantly over one semester (or quarter) of instruction (p = 0.6).
These results suggests that both FY and BFY courses had, at most, only a small impact on the views students expressed with respect to the overall E-CLASS score or an individual item; however, in FY courses, the cumulative effect tended to drive students towards less expert-like views. This finding is consistent with results from similar research-based assessments used in lecture courses, which also find that students perceptions of physics or science more generally, typically become less expert-like over the course of an introductory physics course [17, 18] .
In addition to looking at students' pre-to postinstruction shifts to explore the impact of laboratory in- struction, we also examine students' raw postinstruction scores to determine which E-CLASS items elicit the least (or most) expert-like responses. Insight into areas in which students' views about the nature of experimental physics as practiced in their lab courses are least aligned with experts can provide a guide to help focus the efforts of instructors interested in improving students' beliefs. Four items on the E-CLASS resulted in less than 50% of students providing favorable responses in both FY and BFY courses (see Fig. 2 ). These items are given below, along with the established expert-like response in parentheses.
• The latter three of these questions represent all of the questions on the E-CLASS related to what can be loosely described as student autonomy, or their ability to direct an experiment, overcome difficulties, and select analysis methods without guidance from an authority figure. It is worth acknowledging that low performance from first years on these questions is not irrational nor unexpected given the often rushed nature and content (rather than skills) focus of many traditional FY labs. However, low performance on these questions in the BFY courses as well is particularly concerning given that the ability to work autonomously is an important characteristic of successful graduate students and professional physicists. For first year courses only, a further three questions resulted in less than 50% of students providing favorable postinstruction responses in the (see Fig. 2 ):
• Q16 -The primary purpose of doing physics experiments is to confirm previously known results (disagree) • Q7 -I don't enjoy doing physics experiments (disagree) • Q21 -I am usually able to complete an experiment without understanding the equations and physics ideas that describe the system I am investigating (disagree).
Given that the majority of students in FY physics lab courses are not physics majors, the low score on Q7 may have been driven in part by the fact that, for most of these students, the physics lab is a required course not directly related to their chosen major. Scores on this question did not shift significantly from pre-to postinstruction. Scores on Q21, however, did show a statistically significant negative shift. This result is potentially surprising given that in roughly 80% of the courses in our data set, the instructor reported "reinforcing physics concepts" as one of the main goals of their lab course. Alternatively, Fig. 2 shows that many of the E-CLASS prompts elicited expert-like postinstruction responses from more than 80% of the students in both FY and BFY courses. For all of these questions, the majority of students both start and end the course with views consistent with those of practicing physicists. One of these high performing items for both FY and BFY students was Q30 ("Physics experiments contribute to the growth of scientific knowledge"). At first glance, high performance from FY students on Q30 seems potentially at odds with the fact that more than 50% of these students' agreed with the statement that "The primary purpose of physics experiments is to confirm previously known results" (Q16). One possible explanation for this apparent contradiction is that these students consider results that are predicted by theory or consistent with an established mathematical model as "previously known results." Thus, while the vast majority of experiments have an expected or predicted result, students may still see this as contributing to the growth of scientific knowledge because these predictions must be tested empirically.
B. How do students' beliefs vary by course level?
In addition to the general differences shown in the previous section, there was a statistically significant difference in the overall E-CLASS scores of FY and BFY students, with BFY students scoring higher (see Table II ). Additionally, 24 of the 30 E-CLASS items showed a statistically significant difference between the score distributions from students in different level courses. Of these items, FY students scored higher both statistically and practically (d > 0.1) in only one case -Q24, "Nearly all students are capable of doing physics experiments if they work at it." There are a number of possible factors that may contribute to lower performance on this item from BFY students, including increased difficulty characteristic of upper-level experiments, and the significant attrition typically observed between FY and BFY courses. Thus, not only do BFY students encounter more complex and challenging experiments, but they are a highly self-selected group that has seen more of their classmates fail or choose to leave the physics major.
The size of the difference between FY and BFY students varied significantly by item; however, the five questions with the largest differences (d > 0.3) between FY and BFY scores (Q4, Q17, Q14, Q16, Q7), were also five of the six lowest scoring items among the FY population (see Fig. 2 ). This trend suggests that these items, in addition to eliciting the smallest fractions of favorable responses, also provided the greatest discrimination between courses of differing levels.
While, these findings clearly indicate a significant difference in students' responses to the E-CLASS based on the level of their course, this analysis does not address the causal mechanism for this trend. Higher scores in BFY courses could be due to: the cumulative impact of instruction as students progress through the curriculum; a selection effect based on which students enter into, and persist in, a STEM or physics program; or a combination of these and/or other factors.
C. What do students think experts believe about experimental physics?
To this point, we have discussed students' responses to only the first of the two E-CLASS questions (see Fig.  1 ), in which students are asked to rate their agreement to each statement based on what they think when completing experiments in class. Next, we examine their responses to the second question asking them to predict what an experimental physicist might say about their research. This question, in essence, asks the students what they think the expert-like response would be for each item. Scoring this set of questions relative to the consensus expert-like response, as before, we examine the average overall score for students' predictions of expert responses (see Table III ). Table III indicates that in both FY and BFY courses, students correctly predicted the expert-like response for more than 80% of the E-CLASS items. Fig. 2 also shows the fraction of students who gave accurate predictions of the expert-like response for each of the 30 E-CLASS items. Only one item elicited favorable responses from less than 50% of both FY and BFY students -Q4, "If I am communicating the results from an experiment, my main goal is to have the correct sections and formatting." This item also resulted in less than 50% favorable responses with respect to students' own views about experimentation as practiced in their lab courses. While a larger fraction of unfavorable responses to the personal version of this item is consistent with the grading practices typical of many lab courses, the implication that students also believed that structure and formatting is the major focus of experts is perhaps surprising. However, while the established expert-like response to this item is "disagree" as formatting is clearly not the main goal of these documents, it is worth noting that adherence to style and structure guidelines when writing grant applications and/or publications is a necessary task for a successful physicist. An additional two E-CLASS items resulted in less than 50% of FY students providing accurate predictions of the expert-like responses.
• Q17 -When I encounter difficulties in the lab, my first step is to ask an expert, like the instructor • Q16 -The primary purpose of physics experiments is to confirm previously known results. Students' prediction that experts would agree with Q16 is consistent with our earlier hypothesis that these students may be including theory in what they consider to be 'previously known results.' If this is the case, it suggests that students have difficulty with respect to how theory often involves modeling physical systems, as well as recognizing the role of these models in physics experiments.
On the other hand, for 22 of the E-CLASS items, 80% or more of both FY and BFY students were able to accurately predict the expert-like response (see Fig.  2 ). This finding suggests that even FY students, who may or may not have had any prior experience with experimental physics, had a reasonably good sense of what the 'expert-like' responses were. The next section looks at the comparison between students' predictions of the expert-like response and their personal views for each of the E-CLASS items. The previous sections demonstrated that students beliefs about experimental physics as practiced in their lab courses often differ from those of practicing experimentalists (Sec. III A), but that they are fairly accurate when asked to predict the accepted, expert-like response (Sec. III C). Consistent with this result, comparison of the overall E-CLASS scores for students' beliefs (Table II) and their predictions of experts' beliefs (Table III) show a large (d = 0.8 and d = 1.1 for BFY and FY respectively) and statistically significant difference. In terms of individual items, the difference between the distribution of students' scores on these two sets of prompts was both statistically and practically significant (d > 0.1) for 27 items for FY students and 22 items for BFY students. In all cases, students' expert predictions averaged higher than their beliefs about experimentation in their lab courses. This difference was particularly large (d > 0.5) in both the FY and BFY populations for 7 items (Q14, Q29, Q7, Q6, Q27, Q5, Q10, see Fig. 2 ).
These results, combined with the results from the previous section, suggest that students in both FY and BFY courses are good at predicting the expert-like responses, even in cases where their views about experimentation as practiced in their lab courses differ. This difference between students views and their views of experts also indicates that the students are responding honestly to the prompt targeting their own beliefs within the context of their lab courses, rather than giving the answer they be-lieve is "correct." This finding that students can hold seemingly contradictory beliefs with respect to knowing and learning science has been observed previously [37, 38] . Investigating why students form and maintain these contradictory ideas would require the collection of additional qualitative data (e.g., student interviews) and is beyond the scope of this work. However, previous research suggests that factors that may contribute include students' perception that they are simply different than experimental physicists and thus engage differently in the process of experimental physics [38] , and/or that the activities in their lab courses are inauthentic and thus do not reflect the actual practice of experimental physics [37] .
IV. SUMMARY AND CONCLUSIONS
Physics is both an experimental and theoretical science. Students' exposure to the theoretical grounding of physics comes primarily through numerous core lecture courses taken throughout their undergraduate careers; however, direct experiences with experimental physics are often limited to a few laboratory courses, or, for a subset, undergraduate research experiences. Helping students to understand the role of experimentation in building and supporting the body of physics knowledge is a critical goal of undergraduate physics programs striving to recruit and retain physics graduates who are prepared for, and interested in, graduate school, industry careers, or simply joining a scientifically-literate citizenry [39] . This work contributes to a new, but growing, body of literature investigating the status and success of physics lab courses with respect to achieving various learning goals. Specifically, we present analysis of a large, national data set of student responses to a laboratory focused assessment -the E-CLASS -with respect to students' beliefs about the nature and process of experimental physics as practiced in their lab courses, as well as their predictions of what they think experts believe about their research.
Our findings suggest that undergraduate students in physics lab courses often enter and leave these courses with some ideas about the nature and importance of experimental physics that are inconsistent with those of practicing physicists. This trend held for both introductory and more advanced students, though upperlevel students' views were somewhat more consistent with those of experts than their introductory counterparts. With respect to the impact of laboratory instruction, participation in an upper-level lab courses did not tend to result in significant shifts in students' views over the course of a single semester, while participation in introductory lab courses tended to result in small negative shifts. Together, these findings suggest that laboratory physics courses have not been particularly effective at encouraging more expert-like beliefs in students, and in some cases, they have actually resulted in more novicelike beliefs. We also found that students had a relatively good sense of what the 'expert-like' responses are. Even before instruction and in the introductory courses, students were able to accurately predict the views of practicing physicist on the majority of the E-CLASS items even in cases where their views about experimentatal physics as practiced in their lab courses disagreed.
There are several important limitations to the work described here. While our data set is extensive and drawn from a large number of courses and institutions, it is neither comprehensive nor randomly-selected. In the majority of the courses in our data set, the instructor chose to use the E-CLASS without external pressure from our research group, their department, or their colleagues. Thus, these instructors represent a self-selected group and may not be representative of the broader population of physics faculty. Additionally, relatively few 2-year colleges have used the E-CLASS to date, suggesting our results may be dominated by trends in the 4-year college and Ph.D. granting institutions.
An important caveat to consider when interpreting our results is that improving students' beliefs about the nature and importance of experimental physics is only one of multiple important learning goals for undergraduate physics courses. Given the variety of potential goals and limited class time, it is nearly always necessary for laboratory instructors to select a subset of these goals to highlight in any given course. However, for courses in which promoting expert-like attitudes and beliefs is a goal, the E-CLASS can serve as an easy-to-use, research-validated assessment that can help inform efforts to improve these courses. For example, given the relatively small impact of individual courses, our results suggest that achieving significant improvements in students' views about experimental physics may require larger-scale, programatic initiatives rather than the isolated course-by-course initiatives typical of standard course transformation efforts.
The data presented here can also serve as an important comparison point by which instructors and researchers can determine the effectiveness of new curricular approaches and pedagogical techniques relative to national trends. For example, prior work with these data investigated the impact of different types of lab activities on E-CLASS scores, demonstrating that students in courses that include at least some open-ended activities tend to outperform students in courses with only traditional guided labs [27] . Significant improvement in E-CLASS scores was also documented in courses that use well-established transformed curricula compared to traditional labs at the introductory level, and the increase was significantly larger for women [28] . Additional investigations showed that courses that focus more on developing lab skills outperform courses that focus more on reinforcing physics concepts within the lab component, and again, the increase was significantly larger for women [29] . This type of baseline and comparison data is a critical first step towards continuing to improve the undergraduate physics curriculum in order to produce engaged and well-prepared physics graduates and scien-tifically literate citizens.
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